ABSTRACT: Genetic variability in fifty three accessions of West African Okra [Abelmoschus caillei (A. Chev.) Stevels] were evaluated using morphological traits. These accessions were collected from home gardens, seed stores and distant farms in South Western Nigeria and trials carried out in the experimental garden, University of Benin, Nigeria. The primary data on quantitative and qualitative characters collected were subjected to multivariate analyses to determine their relationship and distinctiveness. At P < 0.05, 14 quantitative characters were significant. Two principal component analyses were conducted. Eighteen of the total characters accounted for 90.2 % of the total variability on Principal Component (PC) axes 1 -5 and the other, sixteen characters showed 70.1 % as the minimum descriptor for distinguishing A. caillei. The traits expressed by these descriptors are reflected in pigmentation of various organs; fruit characteristics and plant architecture on the crop plants. The sixteen characters suggested for core determination of this species were used for cluster analysis. All accessions clustered into seven distinct groups at Euclidean distance 8 -10. This suggests relatively high genetic variability among the germplasm. The clustering is ecologically independent and the number of accession(s) in each cluster suggests A. caillei as a continuous complex of varieties. This collection requires more evidence probably molecular evaluation for taxonomic treatment of the taxon.
INTRODUCTION
West African Okra [Abelmoschus caillei (A. Chev.) Stevels], belongs to the family Malvaceae. It is indigenous to the humid West and Central Africa. The distribution extends in West Africa from Guinea to Nigeria, Cameroon to Gabon and the Democratic Republic of Congo in Central Africa and Uganda in East Africa. However, it is wide spread and its cultivation in Africa lies between 12 0 N and 12 0 S and most commonly found between 5 0 N and 10 0 N (Siemonsma and Hamon, 2002) .
West African Okra is an important food component for those who include it in their diet (Omonhimwin and Osawaru, 2005) . When prepared as a sauce, it facilitates the consumption of starchy foods, which are the main diet of Africans especially in rural villages and in the drier regions where a slimy vegetable is needed as a supplement for the more coarse staple food like millets (Schippers, 2000) . A. caillei is especially liked for its ability to "draw" well and to retain its mucilaginous characteristics. However, lemon may be added to soup to reduce glutinous texture and make it more solid (Osawaru and Dania-Ogbe, 2010) . It also contributes to protein, mineral, vitamins and source of roughages in human diet.
Mucilage from West African Okra has been reported as plasma replacement or blood volume expander and the leaves are used as a basis for poultice, as an emollient, sudorific, antiscorbutic and to treat dysuria (Siemonsma and Hamon, 2002) . Osawaru and Dania-Ogbe (2010) reported the use of the mucilage in traditional midwifery in Southern Edo State of Nigeria. Other traditional uses of the whole and part of the plants can be found in Osawaru and Dania-Ogbe (2010) .
The industrial applications are numerous. The mucilage has been added as size to gaze certain paper used in confectionary. The stem is fairly large with bark and fibres which are suitable for spinning into rope and for paper and card board manufacturing (Chevalier, 1940 , Charrier 1984 . Locally, the fibres are also used to make fishing lines, game traps and sponges (Osawaru and Dania-Ogbe, 2010) . West African okra is used as a source of gum. The ground pulp of stems is used as a stabilizer when making "Pita" beer in northern Ghana (Schipper, 2000) .
Various authors, Siemonsma (1982) and Stevels (1988) have contributed to the taxonomy of Okra (Abelmoschus) and suggested needs for a thorough revision (Attire et al., 1991) , Stevels (1988) established West African Okra as a distinct taxon as earlier reported by Chevalier (1940) . The bases of their delimitations and circumscription are morphological and cytological evidences. It is highly polymorphic and unique in fruit and indumentums characters. Smith et al. (1991) , opined that morphological characterization is the first step in the description and classification of germplasm collections. The objective of this study is to assess the genetic diversity of West African Okra using morpho-agronomic characters, among 53 accessions from Nigeria. Information derived may be valuable for base and active collection and possibly help plant breeders to improve the crop plant.
MATERIALS AND METHODS

Study Area
The site for the trial was the Experimental garden, Plant Biology and Biotechnology Department, University of Benin, Benin City. It lies within the Tropical Rainforest (TRF) zone. The relief is characterized by lowland of less than 300 -600 meters above sea level. The climate includes high rainfall up to 2000 mm -3000 mm of bimodal pattern with peaks at July and September respectively, high temperatures ranging between 20 0 C-40 0 C and high atmospheric humidity (Omuta, 1980) . Radiation is fairly high and varies according to different period of the year. Values above 1,600 hours per year have been reported in surrounding areas such as the Nigerian Institute for Oil Palm Research (Onwueme and Singha, 1991) . The soils are slightly ferrallitic with pH 7.
Field Trials
Fifty three (53) accessions of West African Okra collected by Osawaru and Dania-Ogbe (2010) were subjected to trial on the experimental garden and evaluated for morpho-agronomical characters in the site. The seeds used were carefully removed from the pods without scarification and selected after floatation test.
Planting and Plant Husbandry
Accessions were planted using Randomized Complete Block Design (RCBD) with five replicates. Three seeds were planted into holes of 3cm deep and lightly covered with soil without tillage, at spacing of 75 x 100cm, without fertilizer. Crops were rain fed throughout the period of cultivation. Other agronomic practices like mulching, topping etc were not applied during the trials.
Thinning was done when plants were two weeks old. All stands were thinned to a plant per stand. Weeding was done weekly and manually until last plant was harvested. Pest control was done every two weeks using methods outlined by Usuanlele (2000) .
Data Collection
Data was gathered from the description of vegetative and phenological Characters. These were determined according to IBPGR (Charrier, 1984,) and Hamon and Hamon (1991) . A descriptor list was prepared based on field observations during the ethnobotanical survey and characterization. Forty-one characters made up of twenty-five qualitative and sixteen quantitative characters were used to analyze the diversity. For each of the accession, five measurements or observations were made for each character. Colour chart adopted was by the Royal Horticultural Society (RHS, 1986) .
Statistical Analysis of Data
Data matrix table for the fifty-three accessions and forty-one traits for the vegetative, reproductive and agronomic characters listed in characterized rating scales were standardized as outlined by Brandolini and Brandolini (2001) . These variables were subjected to three methods of multi variate analyses-MANOVA, Principal Component and Wards Hierarchical Cluster Analyses using various procedures of the GENSTAT program in order to identify the patterns of morphological variation.
RESULTS
The analysis of variance for the following characters evaluated is presented in Table 1 . The results show that the accessions are significantly different between accessions at 5 % probability with respect to the 14 characters studied. The magnitude of the variance is significantly high too. This implies that these characters could be employed in distinguishing the accessions. Very high values are recorded for NSF, FLS, PHM, PHF and FFN. The characters are therefore potentially good for distinguishing A. caillei accession.
Principal Component Analysis (PCA)
Forty-one descriptors were used to evaluate the vegetative, reproductive and agronomic characters of the accession. Main stem (MAS), leaf pubescence (LFB), seed shape (SES), petal colour (PLC) and nature of pedicel (PLH) were generally uniform in their state. All other 36 characters were treated as outlined by Brandolini and Brandolini (2001) .
Based on the multivariate states, a data matrix of the thirty six characters for fifty three accessions generated were subjected to PCA using the methods of Manzano (2006) . From the results in Table 2 , 18 characters of the descriptors accounted for and influenced 90.02% of the total variability within the 53 accessions. These eighteen characters were accumulated until the fifth component (Tables 2 and 3) .
Generally, only Principal Component with eigen values larger than one (positive or negative) were considered. However, Jolliffe (1996) , Brandolini and Brandolini (2001) suggested values as low as 0.50 in studies where standardization of the original character values were carried out. The eigen values in this study were standardized (data matrix) hence, the value 0.55 was used in this study. From these components, characters with eigen vectors as low as 0.550 were selected. These characters are designated as influencing the total variability on that component axis. At component axis 1, the characters are petal botch (PTB), rib colour of adaxial surface (RCB) Rib colour (adaxial) surface (RCD), fruit colour (FRC) petiole colour (PTC), stem colour (STC), and fruit pubescence (FRP).
Characters on component 2 (C2) pod size index (PDI), fruit length at maturity (FLH), number of seeds/fruit (NSF), fruit width at maturity (FWN) and plant height at first flowering (PHF). In components (C3) first fruit producing node (FPN), first flowering node (FFN), and days to first flowering (FFD) were the recorded characters. On component axes 4 and 5, stem diameter at base (SDB), maximum plant height (PHM), nature of fruit tip (NFT) accounted for distinguishing the variability of the accessions. However, number of flowered node (NFM) (on main stem) recorded eigen vector 0.71 but was not included among those influencing the total variability of the accessions. Number of flowered nodes on the whole plant body (NPN) was not used as any of the branch could be regarded as main stem especially in a diseased state of the major stem axis.
A second PCA was done to ascertain the most distinguishing characters among the accessions. The eighteen characters that contributed to 90.2% of the total variability were used. The total variance and eigen vectors are presented in (Tables 4 and 5 ). A total of 70.1% of the total variance attributed by 16 characters along the first 5 principal component axes with eigenvector of 0.55. Principal Component (PC) axis one, influenced 22.9 % of the total variation among the accessions. Characters influencing this variability are RCD, RCB, PTB, FRC and STC. Component axis 2 PC2 explains 14.5 % of the total variation. This is weighted by NSF FLH, FWH and PDI. Component axes 3, 4 and 5 accounted for 13.4%, 12.5% and 6.9% variability respectively. The weighted characters for PC3, PC4 and PC5 are FFD, FFN, FPN, SDB, PHM, PHF and PTC respectively.
Cluster analysis
The intraspecific variation among the 53 accession was derived from the morphometric hierarchical cluster analysis. The dendrogram for this analysis is shown in Figure 1 . At a linkage distance between 10 -15, four clusters are apparent. At a lower level linkage distance, the clusters of 45 accessions split into three clusters of 32; 12 and one accession respectively. While the cluster of six accessions split into two of one and five accessions.
DISCUSSION
The variations in 53 accessions of West African Okra were studied using morpho-agronomical characters for description. According to Peeters and Martinelli (1989) , that multivariate analysis is useful for characterization, evaluation and classification of plant genetic resources when a number of accessions are assessed. Rezai and Frey (1990) , Ariyo (1993) , and Ariyo and Odulaja (1991) stated that when dissimilarity between a pair of varieties is defined on a multivariate criterion, it is useful to be able to determine the plant characters which cause the dissimilarity to arise and the relative contribution that the various characters make to the total variability. Camussi (1979) , Abadie et al. (1998) , and Brandolini and Brandolini (2001) , reported that for the study of morphologically complex samples, multivariate analysis combines the capacity to provide synthetic summary of the most relevant traits and assessment of the relative importance of the different characters to the total difference. Multivariate analysis based on MANOVA, principal component and hierarchical cluster was used in this study. The use of statistical model and tests provide informative conclusion about a very large group of occurrences by observing a small representative.
Analysis of variance used in the study indicates high genetic diversity among accessions. This is amplified by the magnitude and significant values as shown in Table 1 . Characters like NSF, PHM, FFN, PHF and FLS had values very high. This implies that these characters are indicative for distinguishing variability in the accessions. This statistical analysis has also been used for studying genetic variability in crops such as garlic and Bambara groundnut (Vigna subterranean (L) Verde), (Ntundu et al., 2006) . Genetic variability as reflected from morpho-agronomic characters is the raw material of crop breeding on which selection acts up to evolve superior genotype thus, the higher amount of variation expressed for a character in the breeding material, greater is the scope for its improvement through selection. However these characters are mainly quantitative. Berinyuy et al (2002) , Brandolini and Brandolini (2001) , Omonhinmin and Osawaru (2005) emphasized the importance of inclusion of qualitative and quantitative characters in the evaluation, identification and description of genetic variability of genetic mixtures.
PCA measures axes along which variation between accessions is maximized. According to Camussi et al. (1985) , Cowen and Frey, (1987) , Peeters and Martinelli (1989) PCA can be used to obtain ideas about how to identify groups of accessions that have desirable traits for breeding and enlightening the pattern of variation in a germplasm collection, to identify relationships among accessions and possible gaps. The use of PCA to study variability in germplasm collections of many species have been reported (Julier et al., 1995; Veassy et al., 2001; Naghavi and Jahensouz, 2005; Bharagava et al., 2007; Nooryazdan et al., 2010) . It is a method of data reduction where the original variables decreased to a limited number of uncorrelated new variables. Two PCA were carried out in the present study. From the result of the first analysis it was clear that characters describing variation of the accessions are qualitative and quantitative. The qualitative characters include PTB, RCD, RCB, FRC, STC, PTC. These characters described pigmentation among the various organs of the accessions. These qualitative characters are discrete, easily identified and rarely affected by environment. This trend has been observed by Ariyo (1993) , Manzano (2006) . The quantitative characters include for fruit, fruiting habit and growth habit. These quantitative characters describe the fruit characteristic, plant architecture and flowering and fruit earliness among accessions. The quantitative characters describing the fruit are pod size, fruit length at maturity, number of seeds/fruit and fruit width at maturity. Stevels (1988) ; Siemonsma and Hamon (2002) stated that the greatest diversity among A. caillei is seen in its fruits and indumentum. Fruit of Abelmoschus is here suggested as a diagnostic feature for interspecific determination. This view has also been supported by Ariyo (1993) and Kehinde (1999) .
Pods are usually large and of various shapes. The position of the pods on the stems is usually erect with few horizontal or pendulous pods. Plant height at first flowering (PHF), first fruit producing node (FPN), first flowering node, (FFN), stem diameter at base (SDB), and maximum plant height (PHM) describe the plant architecture. West Africa okra has a robust growth habit at maturity. Hamon and Hamon (1991) , stated that the best time to identify A. caillei is at the peak of the vegetation growth usually at 84-125 days after sowing. These characters would be very effective as a means of distinguishing the accessions and also a determinant in evaluating the genetic variability in A. caillei. The significance of days to flowering in numerical taxonomy has been highlighted by Sneath and Sokal (1973) and Ariyo (1993) .
From the second PCA, all characters earlier highlighted were re-affirmed except nature of fruit tip (NFT) and fruit pubescence (FRP). These sixteen characters are here suggested as minimum descriptors necessary for core collections. In addition to pigmentation, and fruit characteristics, emphasized by Ariyo (1993) , Siemonsma and Hamon (2002) , this study included flowering and earliness to fruit and plant architecture as significant determinant features of the genetic variability in the crop plants.
The hierarchical analysis of the large amount of variation observed among the accessions at two phenon levels were expressed in four and seven clusters. The largest cluster at each level (45, 32) members may be seen as a variation complex that may require further evidence probably molecular for clarity or the use of another statistical testing like Conomical discriminant analysis.
The grouping of the accession into six clusters show that there was no correlation between ecological habitat and the diversity expressed among accession. This has been shown not to be significant from the report of Murthy and Arunachalam (1966) . They rather suggested that genetic drift and selection in different environment can cause greater diversity among genotypes. The likely reason for the genetic similarity among these accessions from the different region is that the crop plant might have originally been introduced from the same region. This is probably true as workers like Charrier (1984) , Siemonsma (1982) and Stevels (1988) point West Africa subcontinent as probable centre of origin of the crop plant. This agreed with Adewale et al. (2008) with the use of genetic maker in the study of West African Okra and other Asiantic collections. The level of variability may be due to low selection and domestication as there is a related species -A. esculentus grown among local farmers. This high variability suggests that little influence has result from domestication as there is the widespread of related species of Abelmoschus.
Apart from the taxonomic implication the variation observed would be of great importance to germplasm collector, plant breeders and also serve as means for designing a core collection strategy. In addition it, would also serve as a source of desirable characters, for improvement in the genus Abelmoschus. Genetic variability is the raw material of crop breeding industry on which selection acts to evolve superior genotype. 178 -1.14 0.03761 -0.127 0.136 *, **, ***, ****, ***** and ****** = Values selected for first, second, third, fourth, fifth and seventh principal component analyses 
